Seasonal and annual rainfall data of the stations: Akluj, Baramati, Bhor and Malsiras stations located in Nira Basin, Central India, were analyzed for studying trend and periodicity using 104 years' rainfall data. The analysis was carried out by using Mann-Kendall (MK), Modified MannKendall (MMK) and Theil and Sen's slope estimator tests describing rising trend at all the stations. However, it is statistically significant at Akluj and Bhor stations at 10% significance level. Bhor station showed the maximum increase in percentage change i.e. 0.28% in annual rainfall. Monsoon and post-monsoon seasonal rainfall shows a rising trend while the summer and winter seasonal rainfall shows a falling trend. Wavelet analysis showed prominent annual rainfall periods ranging from 2 to 8 years at all the stations after 1960s resulting in describing more changes in the rainfall patterns after 1960s.
Introduction
Non-stationary characteristics include many different periodic events in the earth science system which occurred in different time scale periods. A change in components, precipitation [1] - [6] , temperature [7] [8], evaporation [9] [10], streamflow [11] [12] ) and water quality [13] [14] in climatic and hydrologic time series all over around the world can be indicated through presence of increasing and decreasing trend. Apparently, in relation to changing rainfall pattern, there is no clear increasing or decreasing trend in the average amount of rainfall over India [15] - [17] . Significant trends have been found in monsoon rainfall on a regional scale [18] - [24] .
In climatic and hydrologic time series, one of the most widely used nonparametric methods, i.e. Mann-Kendall [25] [ 26] , has been used for trend studies [1] [27]- [29] . Autocorrelation in hydrological or climatic records commonly has made a detailed analysis on the effect of autocorrelation on trend and vice versa [30] [31] . Attempts to modify the Mann Kendall test to make it suitable for an analysis of auto-correlated series include the Modified Mann-Kendall (MMK) [32] [33] . The wavelet transform is a strong mathematical tool that provides a time-frequency representation of a signal in the time domain [34] [35] and hence is used for analyzing non-stationary processes such as hydro-meteorological variables [36] . Especially in meteorology and climatology, such analysis seems to be advantageous [37] . Wavelet transformations have been successfully applied to climate characteristics analysis, such as streamflow characterization [38] , relationship between the north Atlantic oscillation and sea level changes [39] , inter-annual temperature events and shifts in the global temperature [40] , inter-decadal and inter-annual variations of annual and extreme precipitations [41] to study El Nino-Southern oscillation [42] .
Climate has large spatial and temporal variations in India due to its vast size and geographical complexity [23] . Rainfall is one of the major indicators in the climate change impact studies which influences water resources system and agriculture sector of the region. Therefore, this study examined the historical variations in seasonal and annual rainfall pattern in the Nira basin of Maharashtra to observed effect of climate change on regional scale through trend and wavelet analysis.
Study Area and Data
The Nira catchment is a sub basin of the Bhima watershed located in the state of Maharashtra in India with an area of 6900 km 2 ( Figure 1 ) having a total length of river about 180 km. It originates in Sahyadri hills in Bhor Tahsil and flows through Satara, Pune and Solapur districts. Karha is tributary of Nira Basin. The basin lies between 445 m to 1410 m with annual rainfall about 500 mm -1000 mm. The banks of the Nira River are steep and rocky and its bed is generally gravelly. The agro based (especially sugar, distilleries, dairy, paper etc.); automobile and textile industries are comprised in the basin. Bajara, Wheat, Pulses, Sugar Cane, Maize etc. are crops being cultivated in the basin. Nowadays, horticultural activities are increasing particularly fruits of orange, sweet limes, grapes, banana etc.
Daily rainfall data from four raingauge stations were obtained from the India Meteorology Department, Pune ( Table 1) . According to the Indian Meteorological Department, four prominent seasons namely: 1) winter (December to February), 2) summer (March to May), 3) monsoon (June to September) and 4) post-monsoon (October and November) are present in India. For each month and season, the percent rainfall contribution of annual rainfall is shown in Table 2 .
Methodology

Trend Analysis
Applying the rules of rainfall for missing data filling methods, all the data gaps were filled up by the normal ratio method for Bhor station and by a correlation coefficient weighted method for the other three stations using data from three nearby stations. The effect of autocorrelation on hydrologic data is one of the major concerns. The autocorrelation coefficient of rainfall series for lag 1 was estimated and its significance was checked by the student's t-test at 10% significance level. Rainfall trend detection was carried out for seasonal and annual series 
Wavelet Analysis
Wavelet analysis was performed on the annual rainfall series for visualization of occurrence of events in a broad time scale by using available online tool http://paos.colorado.edu/research/wavelets/. Global wavelet spectrum and Morlet wavelet transform were used for the analysis of rainfall time series in order to clarify time-scale characteristics of measured series [42] . At the border of the wavelet power spectra a zone called the cone of influence, where zero padding has reduced the variance. Since we are dealing with finite-length time series, errors will occur at the beginning and end of the wavelet power spectrum [44] .
The methodology in details with formulae was given in many above citied references, so has not been given in this study.
Results and Discussion
Seasonal and Annual Rainfall Trend
Monsoon and post monsoon seasons show maximum percent contribution of annual rainfall at all stations. More rainfall occurs in the monsoon months (June, July, August and September). The results of the autocorrelation analysis and MK test in case of non-autocorrelated and MMK test for autocorrelated series for trend detection in annual and seasonal series are shown in Table 3 . All tests are considered at 10% significance level. Fourteen series are autocorrelated out of 20 series. Statistically significant rising trend are observed in annual rainfall series at Akluj and Bhor stations (Figure 2) . Bhor has high variability in annual series than Akluj. There is no significant trend in annual rainfall at Baramati and Bhor stations (Figure 3) . The magnitude of trend and percent change are also shown in Table 3 . The magnitude of the increasing trends in annual rainfall ranged between 0.61 mm per year (at Malsiras) to 2.76 mm per year (at Bhor station). Bhor station (0.28%) showed the maximum increase in percentage change in annual rainfall over the 104 years period. In case of season, monsoon and post monsoon seasons have rising trend whereas falling trend observed for summer and winter seasons. The magnitude of trend in monsoon rainfall varied between −0.18 mm/year (Akluj) to 2.26 mm/year (Bhor). For summer series, the decrease in magnitude varied from 0.09 mm/year (Bhor) to 1.03 mm/year (Akluj station). The decrease in percentage change varied between 0.22% (Bhor) to 1.31% (Akluj) in summer season.
Changes in seasonal series depending on the time of year are shown in (Figures 4-7) . There is an increase in the variability in post-monsoon since 1967 and less variability in summer at Akluj station. Bhor and Malsiras show variability only in monsoon season. The t-test statistics (Table 4) indicated that annual, monsoon, postmonsoon and summer rainfall trends in Nira basin to be significant at 10% levels. Hydrology of the basin and agriculture will influence by variability of post-monsoon as it contributes major share of annual rainfall.
For basin wide global annual and seasonal trend statement was obtained using MK/MMK statistics at 10% significance level ( Table 5) . From table, the null hypothesis is accepted for annual and seasonal trend as 2 hom og χ was less than critical value at 10% significance level. That means the four stations have homogeneous trend over a Nira basin.
In the context of global climate change, basin has variation in the rainfall pattern. Decreasing tendency in the summer monsoon rainfall, increasing trend has been reported in the rainfall during pre-monsoon and post-monsoon months over Indian landmass [23] . The increasing trend was found in the monsoon precipitation along the west coast, north Andhra Pradesh and north-west India and decreasing trend over east Madhya Pradesh and adjoining areas, north-east India and parts of Gujarat and Kerala over 114 (1871-1984) years [45] .
Application of Wavelet Analysis on Annual Rainfall Series
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Conclusion
This study reveals significant changes in seasonal and annual rainfall in Nira river basin of Maharashtra, Central India during past 104 years. Significant increasing trends are detected in annual rainfall at 10% significance level for the Akluj and Bhor stations. Seasonal rainfalls in the basin have increased especially during the monsoon and post-monsoon seasons. Bhor station shows maximum change in the magnitude of trend for annual and monsoon series. The wavelet analysis shows that periodicity of 2 -8 years is found in annual rainfall after 1960 confirming the well-known fact that more changes in the rainfall pattern have occurred after 1960. The analysis shows that larger anthropogenic trends are embedded in the climate data in the baseline period i.e. during 1961 to 1990. It is possible that climatic changes taking place after 1960 might have affected the rainfall pattern in the basin which needs further investigations. The analysis of rainfall data and findings shall be useful for irrigation and agricultural managers and may play an important role in managing water resources in the basin.
